has been shown to affect outcome adversely. The objective of this study was to detect time trends in treatment delay for patients with SBO during the study period 1961 to 1995 and to investigate factors influencing and factors affected by delay.
Treatment delay is the only factor that the health care system to some extent can influence and the time from admission to operation (in-hospital delay) is by far regulated by the surgeon.
Treatment policy has changed in most surgical departments; from early operation towards a more selective approach leaving smaller or larger groups to a trial period of non-surgical treatment. Patients in whom "watchful waiting" is successful will be spared an operation and the risks associated with surgery. In patients who finally need operative treatment (either because strangulation is suspected or because the SBO does not resolve by conservative means), surgery will be delayed.
No reliable method exists that can predict which patients will require surgery. Even patients with partial obstructions (diagnosed by plain abdominal x-
INTRODUCTION
Operation for small bowel obstruction (SBO) carries a complication rate ranging from 13 to 30 percent (1-5) and a mortality rate from 3 to 12 percent (2-6). High age, comorbidity, nonviable strangulation of bowel, recurrent operations and treatment delay (time from onset of symptoms until operation) of more than 24 hours (3), have been identified as factors influencing mortality and complication rates. ray) need operative treatment in 20-30 % of cases (7) . For patients with obstruction caused by incarcerated hernia, the treatment policy of urgent surgery has remained unchanged. Delay in treatment can be caused either by delay in hospital or in pre-admission time.
In the present study, we analysed all cases of SBO, partial and complete, in which the patients were finally operated on. The purpose of the study was threefold: to investigate changes in treatment delay over time, to evaluate factors influencing delay, and to study the effects of treatment delay on outcome after operations for SBO.
MATERIALS AND METHODS
All patients operated on for SBO at Haukeland University Hospital every second year between 1961-1995 were reviewed. By including patients from every second year, we increased the length of the study period and thus were able to study changes in delay over time. Patients with large bowel obstruction and patients in whom paralytic ileus, intussusception, or cancer were found to be the cause of obstruction, were excluded.
Eight hundred and fifteen patients with 921 admissions were included. Each operation was considered as a separate "case" and 90 patients were operated on more than once. The diagnosis of mechanical SBO was proved at surgery in all cases. Patients were identified using a manual recording system before 1972 and a computerised system after 1972.
Postoperative lethality refers to patients dying before discharge. A complication was defined as illness during the postoperative period and included pulmonary, cardiac, urinary, neurological complications, thrombosis/embolism, major bleedings, wound infections, wound dehiscence, abdominal abscesses, fistulas and septicaemia. Patients who died were also included in the complication group.
When strangulated bowel was found and the surgeon decided that resection was required, the strangulation was referred to as "nonviable". If the bowel was described as strangulated, but resection was not needed, the strangulation was considered to be viable.
The treatment delay (time from onset of symptoms until operation) reflects the duration of the disease before sur-gery takes place. The time of onset of symptoms was in some patients given as time periods of the day; for instance "morning", "noon", "midnight" etc. In such patients standard hours were used for all cases; morning = 8 a.m., noon = 12 a.m., etc. The in-hospital delay comprises the time from admittance to surgery.
STATISTICAL ANALYSES
Analyses were performed for the total study group and for the two major subgroups i.e. SBO caused by adhesions and by hernias. Patient and treatment characteristics are given as median values or are categorised as shown in the tables.
Data were analysed using cross-tabulations and chisquare statistics. The Kruskal-Wallis mean rank tests were used when medians were compared. Multiple linear regression analyses were performed in order to evaluate the independent effect of relevant factos (such as age and sex) possibly influencing delay. The coefficients obtained reflect average changes in delay (in hours) for every year of age or admittance, and mean difference in delay between men and women. The statistical analyses were performed using the SPSS 9.0 version for Windows.
RESULTS
Four hundred and ninety-six SBOs were caused by adhesions, 276 by incarcerated hernias (136 inguinal, 96 femoral and 44 other) and 149 by other causes (Crohn's disease, radiation injury, foreign bodies, gallstones and small bowel volvulus). Patient characteristics and main outcome variables for the 815 patients (with 921 operations) are given in Table 1 . Median treatment delay was 35 hours for the whole study group and 39 and 24 hours for the adhesive and hernia group, respectively. Median in-hospital delay was 7.5 hours, 11 hours in the adhesive obstruction group and 4 hours among patients with incarcerated hernia. Figure 1A shows median treatment delay and in-hospital delay for every decade in the study. The in-hos- pital delay increased significantly from 5 hours during the sixties to 16 hours in the nineties (p < 0.001). The increase occurred in both subgroups ( Figure 1B ) although increasing delay in the hernia group was only noticed in the 1990'ies. Total treatment delay did not show a consistent change during the study period (p = 0.2). There was an apparent increase in total delay for patients with incarcerated hernia in the nineties (38 hours), but this change was not statistically significant (p = 0.5). Table 2 shows the results of a multiple linear regression analysis of factors which influenced in-hospital or total treatment delay. A significant difference (p = 0.005) in total treatment delay was found between men and women, the women having a mean of 34.7 hours longer treatment delay than men. Increasing age also increased treatment delay significantly, 0.6 hours in average for every year of age (Table 2). Figure 2 illustrates the actual changes in median treatment delay with age and illustrates the lack of association between age and in-hospital delay (documented in Table 2 ). For in-hospital delay, the year of admission significantly effected the delay, increasing 0.4 hours in average for every year (Table 2 and illustrated in Figure 1A ).
CHANGES IN DELAY DURING THE 35 YEAR PERIOD

FACTORS INFLUENCING TREATMENT DELAY
A B
CONSEQUENCES OF TREATMENT DELAY Figure 3 illustrates frequencies of postoperative death and complications according to treatment delay stratified by admission period. Lethality during the period 1960-79, increased significantly from 0 with a short delay (up to 12 hours) to 10 % with > 96 hours delay (p = 0.02). The apparent increase in lethality from 0 to 4 % during the last two decades was not statistically significant. The complication rate increased significantly when treatment delay increased (p < 0.001 and p = 0.003 for the first and last time period, respectively) ( Fig. 3B) .
In-hospital death and complication rates for the adhesive obstruction and incarcerated hernia groups are illustrated in Figure 4A and B. Lethality in the adhesive obstruction group was not significantly influenced by the treatment delay (p = 0.6) while complications increased significantly with increasing delay (p = 0.04; Figure 4B ). In the incarcerated hernia group the increase in mortality and complications was highly significant (p = 0.001). Ninety-four percent (16/17) of dead patients in this group had a treatment delay of more than 24 hours compared to 45 % in those who survived. 
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The influence of treatment delay on postoperative hospital stay is given in Table 3 . Patients with short treatment delays (up to 24 h) had a short median hospital stay (5.5-6 days), while increasing treatment delay was followed by prolonged postoperative stay. The results were similar for both major subgroups. Figure 5 shows the relationship between treatment delay and the frequency of nonviable bowel strangulation. A significant increase in bowel strangulation with increasing treatment delay was found in the incarcerated hernia group. In the group of SBOs caused by adhesions the percent of patients having nonviable strangulation was less among those operated late than among patients operated early. In this group, 21 patients out of 41 (about 50 %) having nonviable strangulation were operated on within 24 hours after onset of symptoms.
BOWEL STRANGULATION AND TREATMENT DELAY
Of 17 deaths in the hernia group, 13 (77 %) had nonviable strangulation and 3 (18 %) had viable strangulation at surgery. In the adhesive obstruction group, however, the percentage of patients having nonviable strangulation was not significantly higher among patients who died (13 %) than among survivors (10 %).
DISCUSSION
One major objective of this study was to describe variations in treatment and in-hospital delay over a 35year period. Interestingly, the overall treatment delay did not change significantly over this period of time, whereas in-hospital delay increased. This time trend might be explained for the adhesive obstruction group inasmuch as treatment policy have changed towards a more conservative approach. More patients are now subjected to "watchful wait-ing" which makes the delay before operation longer for those who are eventually operated.
Another reason for the general increase in hospital delay might be a development in pre-operative care towards a more thorough but time demanding preparation for surgery including more preoperative investigations and blood tests. The increase in hospital delay for patients with incarcerated hernia was not statistically significant (p = 0.1, multiple linear regression).
Data investigating changes in delay over a time period has not been published for patients treated for SBO. However, publications on patients operated on for perforated peptic ulcer document an increase in hospital delay with time (8-9). This supports our findings suggesting that the increase in hospital de- * *F our patients left from the hospital on the same date as they were operated. They did stay in hospital after being operated, but the postoperative hospital stay was less than 24 hours. ** P-value calculated by Kruskal-Wallis mean rank test. lay is true and further studies should be conducted in order to document the factors causing the increase in delay the recent years.
A second objective of this study was to elucidate factors influencing delay. The time trend factor has been described above. In addition, the total treatment delay was significantly greater for women than for men. We have no explanation for this nor are we able to find other publications on SBO discussing the matter. The difference in delay between the sexes is consistent with studies on patients operated for perforated peptic ulcer also showing that women are operated later than men are (8-11).
High age was another factor associated with delay. Knowing that old patients are high-risk patients for developing complications and death (3), the finding concerns us. On the other hand, age had no influence on the in-hospital delay, suggesting that the delay may not be influenced by hospital related factors or surgeons, but is generated by the primary health care system or even by the patients themselves (staying at home too long before calling the doctor).
The third major objective of the present study was to investigate the effects of treatment delay on outcome after surgical treatment for SBO. The influence of treatment delay on the frequency of death, complications and strangulation as well as on the length of postoperative hospital stay has been analysed in several papers. Playforth et al. found a significant correlation between mortality and morbidity after operations for SBO and the time from onset of symptoms to hospitalisation and the in-hospital delay (12) . A delay in presentation and/or treatment is described as a major prognostic factor for patient outcome in several other studies (1, 4, (13) (14) (15) (16) (17) (18) . In the present study, the complication and death rates increased with increasing treatment delay (when all patients were analysed (Figure 3) ). As shown in other studies (4, 19) , the length of hospital stay also increased with increasing treatment delay, probably reflecting the increase in complication frequency seen after prolonged treatment delay.
The negative effects of increasing treatment delay were most prominent in the subgroup of SBOs caused by incarcerated hernias, the frequency of nonviable strangulation, complications and death increased significantly ( Fig. 4 and 5 ). Similar findings were described in a study by Mucha (5) in which a significant correlation between delayed surgery beyond 24 hours and mortality and morbidity was found.
Our findings support the well-established treatment policy for patients with incarcerated hernias, that they should be operated urgently to reduce the frequency of strangulation and subsequent complications and death.
Studies of patients with adhesive obstruction show no significant relationship between treatment delay and outcome (5, 20, 21) . In our study no adverse effect of treatment delay on lethality was disclosed for the SBOs caused by adhesions. We did find, however, a significant increase in complication rate ( Figure 4B ) and postoperative hospital stay after prolonged treatment delay in this subgroup.
Several publications show that the proportion of patients having nonviable strangulation is lower among patients with adhesive obstruction, that areoperated late than in those operated early (19, 22, 23) . We similarly found that the frequency of nonviable strangulation decreased with increasing treatment delay in the adhesive obstruction group. The importance of early surgical treatment of patients having strangulated bowel remains unchanged. It seems, however, that the risk of developing strangulation is relatively low with adhesive obstruction (3) and most patients having strangulation are in fact identified and operated early. Strangulation and gangrene of bowel is a rare cause of death in this patient group (the percent of operations where strangulated bowel was found was not significantly higher among patients who died than among those who survived).
These findings, in addition to evidence showing that a majority of adhesive obstructions resolve on conservative management (6, 7, [24] [25] [26] , support a treatment policy in which patients with adhesive obstruction, showing no signs of strangulation, can primarily be treated conservatively.
In conclusion, we found that hospital delay increased during the study period and old patients and women had a longer median treatment delay than did young ones and men. The rate of patients having non-viable strangulated bowel and the death rate increased with increasing treatment delay in patients with incarcerated hernia, but not significantly among patients with adhesive obstruction. Treatment delay led to an increase in postoperative morbidity and hospital stay after surgery for SBO in both major patient groups.
